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INTRODUCTION
The increase in population density coupled with the increase in the release of domestic and industrial effluents in water bodies is the phenomenon called eutrophication, which enriches the environment with nutrients, primarily nitrogen and phosphorus, increasing the productivity of the environment and depreciating the quality of water (Fernandes et al. 2009 , Esteves 2013 .
Blooms of cyanobacteria are associated to eutrophic water conditions, although it is known that blooms of microalgae occur seasonally in some environments, as a response to conditions that change the stability of the water column (Affe and Barboni 2012). Some reservoirs are naturally eutrophic, but, in many others, the excess intake of nutrients is of anthropogenic origin (Calijuri et al. 2006 ). This event may cause social, economic and environmental impacts, since cyanobacteria FÁBIO H.P.C. DE OLIVEIRA et al. are potentially producing secondary metabolites with toxic properties that can affect human health (Siqueira and Oliveira-Filho 2005) .
In addition to cyanobacteria, presence of bacteria of the coliform group, primarily Escherichia coli, are a risk to the health of the consumer population, due to the possibility of airing of diseases such as diarrhea and dysentery (Ahmed et al. 2013 ).
Due to the interaction between biotic and abiotic factors, including seasonality, in an ecosystem, the presence of certain chemicals, even in small concentrations, can be reflected in risk to human health, with prejudice to the water quality in question (Esteves 2013) .
The Apipucos dam, located in the metropolitan region of Recife (Pernambuco, Brazil) is undergoing a process of degradation of its water due to the release of untreated sewage and trash, even though it is considered an urban conservation unit, according to the municipal law No. 16.609 of December 18/2000 (Recife 2000) .
In Brazil, the National Environmental Council (CONAMA) seeks to control the discharge of pollutants into the environment, by prohibiting the release of harmful or hazardous levels for humans and other life beings. The study of seasonal water quality of the Apipucos Dam is of great importance, since its waters are used for subsistence, fishing and recreation in the region, and could serve as a route of transmission of various kinds of diseases of major public health impact, carried by water and food consumed by the needy community in the surroundings.
In shallow reservoirs, despite the small volume of water per area, a complex set of factors regulates aquatic dynamics, which is represented, in tropical regions, especially by the rain and radiation (Fonseca and Bicudo 2008) , probably influencing the diversity and density of cyanobacteria and, therefore, the quality of the water reservoir. However, the knowledge of this type of ecosystem, mainly urban and not intended for public supply is scarce, especially in northeastern Brazil.
Thus, the present work aimed to analyze the water quality of the reservoir of Apipucos, considered shallow, eutrophic, urban and not for public supply, with respect to biotic and abiotic variables, including some metals, as well as contribute to a survey on the species of the cyanobacteria found.
MATERIALS AND METHODS

AREA OF STUDY
The reservoir of Apipucos is located in the West zone of the city of Recife (Pernambuco, Brazil) , at the coordinates 8° 01' 14" S, 34° 56' 00" W and is a sub-basin of the Capibaribe River, being built to control flooding of this river. It has an area of 2. In situ measurements were made for the determination of pH, using a potentiometer (Digimed, DMHP-2); temperature (°C) using a Mercury thermometer and transparency of the water (m) using a Secchi disk. The euphotic zone (Zeu) was calculated according to Cole (1994) .
Measurements of dissolved oxygen (mg.L -1
), apparent color (UH), turbidity (UT), conductivity (µS.cm
coliforms and termotolerantes (cel.100 mL -1
) were made in accordance with APHA (2012).
Cyanobacteria identification was done until the lowest possible taxonomic hierarchical level with the use of specialized literature (Komárek and Anagnostidis 1989 , 2005 , Komárek and Cronberg 2001 . Density (cel.mL Carlson's trophic state index was used for characterization of the ecosystem (Carlson 1977) . Molar rate TN:TP was determined according to Downing and McCauley (1992) . For the estimation of nutrient limitation, TN:TP<20 was considered as limited by nitrogen; TN:TP>38 was considered as limited by phosphorus (Kosten et al. 2009 ).
Analysis of variance (one-way ANOVA) was used to test the significance of differences in biotic and abiotic variables (p<0.05) between dry and rainy seasons, using software Statistica 10 (test version). A Pearson correlation matrix was constructed for establishing the relationships of biotic with abiotic parameters (p<0.05). Limitation of nitrogen throughout the study period was observed. Even though the average concentrations have not shown significant differences between the rainy and dry periods, higher values were observed during the rainy period in relation to the drought period, with minimum and maximum values of 1.88µmol (dry) and 14.28µmol (rainy). Dissolved oxygen concentrations ranged between 5.00 mg.L -1 (dry) and 8.15 mg.L -1 (rainy), although, on average, there was no significant difference between periods. With respect to pH, significant difference was observed between the periods (ANOVA: F=8.08 p<0.05), with circumneutral values throughout the study, although with slight tendency to alkalinization during the dry period, coinciding with the period of greatest biomass of cyanobacteria. No significant differences were observed between the periods for the other parameters, as noted in table I. In the reservoir, values of chlorophyll-a, TP and transparency classified this water as hypereutrophic throughout the year.
RESULTS
Data
Analyses of coliforms total and thermotolerant revealed densities exceeding 2.4.10 3 cel.100mL
-1 during the present study, i.e. they are above the maximum value allowed, which is 1.0.10 3 cel.mL -1 , based on determination of BRASIL (2005). Throughout the study, five taxa of Cyanophyta Division belonging to the orders Oscillatoriales, Chroococcales and Nostocales, were identified, all of which in the rainy season, and four during the drought season, with absence of Cylindropespermopsis raciborskii Seenaya & Suba Raju (Table II) .
In this study, biomass of cyanobacteria over 4.0mm ), representing 98.9% and 96.9% of the total biomass, respectively.
There was significant difference in biomass of cyanobacteria between periods (ANOVA: F=27.75, p<0.05), with values 3.8 times larger in the driest months being observed, however, for the values of chlorophyll-a and phaeophytin the difference was not significant.
The Zeu presented strong negative correlation with the color (Pearson: p= -0.92), turbidity (Pearson: p= -0.90) and biomass of cyanobacteria (Pearson: p= -0.93). 
DISCUSSION
The results of the analyzed parameters were compared with the standards proposed in Brazilian law (BRASIL 2005) , for class 2 freshwaters. Seasonal differences in biotic and abiotic factors in the reservoir of Apipucos between 2011 and 2012 provide opportunity to analyze conditions that alter the quality of the water and may cause risks to public health.
Distribution and proliferation of cyano bacteria are commonly influenced by several factors, such as concentration and ratio of nitrogen and phosphorus, light, temperature, oxygen, pH, herbivory and stability of water column, which may act synergistically and antagonistically (Paerl 2008 , Fernandes et al. 2009 ).
Almeida et al. (2012), studying the Apipucos reservoir in the years of 2008 and 2009 noted significant differences between dry and rainy seasons for turbidity, dissolved oxygen and conductivity. This denotes that the profiles of limnological variables of a reservoir are extremely dynamic and portray the reality of that ecosystem at that time. In this study, conducted four years later, the profile was different, with significant differences only being in the pH. With respect to the identification of cyanobacteria, the earlier study indicated Merismopedia sp. as predominant, as opposed to the present where P. agardhii took over that position. This once again shows the dynamics of ecology of phytoplankton in eutrophic reservoirs.
In the present work, there was a predominance of P. agardhii in both seasons, even with low Zeu extensions, which ranged between 0.62 m (dry) 1.38 m (rainy), corroborating with the study by Gemelgo et al. Throughout the year, the reservoir of the Apipucos Dam presents floating macrophyte E. crassipes. According to Tucci and Sant'Anna (2003) , this species promotes increased turbidity and decreased nitrogen concentration, being typical of eutrophic environments, including competing with the local phytoplankton for nutrients.
Inverse relationships between transparency of water and biomass of phytoplankton have been reported (Moura et al. 2007b , Chellapa et al. 2009 , Costa et al. 2009 , Cunha and Calijuri 2011 . Some works indicate a dominance of P. agardhii in periods with less luminosity and higher turbidity (Chellapa et al. 2009 , Kokocinski et al. 2010 , 2012 . Although low absolute values, the turbidity was higher in the dry season compared to the rainy and greater values for this parameter can be more advantageous to cyanobacteria group of Oscillatoriales (Figueredo and Giani 2009) and Nostocales (Tucci and Sant'Anna 2003). Genres such as Microcystis, Planktothrix, Anabaena, (=Dolichospermum) and Nodularia are planktonic, species that are vertical migratory and floating due to the presence of gas vacuoles that aid in flotation. Therefore, they can often dominate and even form blooms in freshwaters ecosystems with lower Zeu extension when the water column stabilizes FÁBIO H.P.C. DE OLIVEIRA et al. of lower rainfall and higher temperatures, mainly of filamentous species (Costa et al. 2009 ). However, Oliveira et al. (2011 ), Lira et al. (2011 ) and Dantas et al. (2012 found contrary results, possibly due to the drag of nutrients of allochthonous origin, which enriched the ecosystem.
Despite the fact that the biomass of cyanobacteria have been significantly different between periods, the values of chlorophyll-a and phaeophytin did not follow this pattern. This may be due to the fact that this study only considered the community of cyanobacteria, however, other groups of algae were present in the samples and also possess these pigments, confirming the result of Lira et al. (2011) .
Throughout the period of study, the reservoir presented limitation by nitrogen. A similar result was obtained by Dantas et al. (2008 Dantas et al. ( , 2011 , who reported this profile in reservoirs of Northeastern of Brazil in function of high concentrations of available phosphorus. However, the TN:TP ratio study is very complex and questioned in the literature as to its use as an exclusive tool to justify blooms of cyanobacteria. In the present work, there was no significant difference between the values of the TN:TP between seasons, although there were significant differences between the values of biomass in the two periods. A study by Figueredo and Giani (2009) Fernandes et al. 2009 ). The reduction of the volume and scant depth of reservoirs in the drought period seem to promote high turbidity, decreasing light availability and favoring the prevalence and increase in biomass of cyanobacteria species adapted for these environmental conditions (Costa et al. 2009 ). However, it is necessary to ascertain whether the lack of light favors the growth of cyanobacteria or is the result of high cells concentration.
Positive correlation between pH and phytoplankton has also been found in studies of Dantas et al. (2008) and Cunha and Calijuri (2011) . The seasonal variation of pH can be explained by the increased consumption of CO 2 during the summer (Palma et al. 2010) . Just as occurred in the study, Fernandes et al. (2009) show that alkaline pH favors the growth of cyanobacteria. According to this author, the preference of cyanobacteria to neutral and alkaline environments is due to their ability to use bicarbonate as a form of inorganic carbon assimilation and its limited ability to regulate and maintain the internal pH neutral in acids ecosystems. The decrease in the biomass of cyanobacteria during the rainy season in tropical regions can be explained by the fall in the water column stability in this period, due to the turbulence of the water (Dantas et al. 2008 ). This factor is sometimes considered more important than the temperature and solar radiation on seasonal adjustment of phytoplankton dynamics in aquatic systems (Figueredo and Giani 2009) . In studies conducted in eutrophic reservoirs in Brazil (Henry et al. 2006 , Moura et al. 2007b , Dantas et al. 2008 , Gentil et al. 2008 , Tundisi et al. 2008 , Andrade et al. 2009 , Costa et al. 2009 , Chalar 2009 , Cunha and Calijuri 2011 , it was found that the highest densities phytoplanktonic coincided with periods SEASONAL CHANGES OF WATER QUALITY cyanobacterial dominance and TN:TP ratio to the eutrophic reservoir analyzed. For the present study, it seemed clear that the high biomass of cyanobacteria were due to the high concentration of TP. Phosphorus is often cited as limiting the growth of cyanobacteria and, at the same time, as the main cause of blooms, when in excess (Paerl 2008) .
For the macronutrients nitrogen and phosphorus, higher concentrations were detected in the rainy and dry season, respectively. , Margalef 1983) show eutrophication of the ecosystem (Tundisi et al. 2008 , Gemelgo et al. 2009 , Silva et al. 2011 , due to the high degree of decomposition of organic matter, which releases greater amount of ions in the water column (Matsukazi et al. 2004) , commonly observed in reservoirs of northeast of Brazil (Chellapa et al. 2008b , Costa et al. 2009 ). In the present work, there were greater conductivity values in the rainy season, a result supported by Oliveira et al. (2011) and Lira et al. (2011) . The Apipucos reservoir is used for leisure and recreation of the surrounding population, contributing to the process of eutrophication of the ecosystem, reflected in high conductivity values, corroborating the work of Silva et al. (2011) , studying reservoir in Alagoas (northeast of Brazil), used for the same purposes. R-strategists organisms, such as P. agardhii, have advantage in eutrophic environments, helping to explain the dominance of this species in this environment. Northeastern reservoirs are abundant in cyanobacteria r-and s-strategists (Costa et al. 2009 ).
The predominance of cyanobacteria in tropical eutrophic reservoir is due to a number of factors, such as high temperatures, low rainfall, alkaline pH and high concentrations of nutrients, primarily N and P (Chorus and Bartram 1999, Paerl 2008) . The reservoir of Apipucos is target of anthropogenic actions that cause eutrophication of the environment, through the supply of N and P arising from issuance of sewage and fishing, among other activities. However, it appears that seasonality has exercised influence on the growth of cyanobacteria and water quality, in spite of the TSI for the present reservoir always show hypereutrophic values. Moura et al. (2007b ), Gentil et al. (2008 and Lira et al. (2011) , studying Brazilian reservoirs, observed that they remained eutrophic or hypereutrophic during the year, mainly in the drier months.
Allied to this evidence, the presence of bacteria of the coliform group found in this work, including high concentrations of thermotolerant representatives, indicates contamination by domestic sewage and its amount depends on the faecal load that is thrown and the residence time of the water. Studies of Gentil et al. (2008) have detected the presence of these bacteria in eutrophic reservoir.
The dominance of cyanobacteria without striking seasonal variation for long periods is characterized FÁBIO H.P.C. DE OLIVEIRA et al. as the last stage in the process of eutro phication and is already quite documented in Brazilians eutrophic reservoirs (Costa et al. 2006 , Gemelgo et al. 2008 , Gentil et al. 2008 , Fonseca and Bicudo 2008 , Crossetti and Bicudo 2008 .
It must be taken into consideration that the species P. agardhii is recognized as a potential producer of cyanotoxins (Chorus and Bartram 1999) , which can compromise the health of the population that uses this water, as well as the local fish fauna. Works have reported the presence of anatoxin-a (Viaggiu et al. 2004 ) and microcystins (Vieira et al. 2005 , Nguyen et al. 2007 , Panosso et al. 2007 , Costa et al. 2009 ) concomitant with blooms of P. agardhii. The presence of hepatotoxins implies serious damage to human health and animals that consume contaminated water. Blooms of cyanobacteria are responsible for sporadic, but recurrent, episodes of poisoning and death of domestic animals and human populations, associated with recreational and supply waters (Carmichael 2001) . In addition, the accumulation of hepatotoxins in muscles of fish may also occur (Magalhães et al. 2001 , Costa et al. 2009 ), constituting important route of human contamination.
The monitoring water quality with the use of physico-chemical and biological parameters is a practice required by Brazilian law (Resolution 357/2005 of CONAMA) and, according to the results found here, all parameters are in disagreement with such legislation for class 2 freshwaters, making it unfit for primary contact.
Water quality in Apipucos Dam is strongly influenced by biotic and abiotic factors, suffering action of seasonality. Information on the physicochemical and bacteriological changes obtained in this research provide efficient indicators of anthropogenic changes on ecosystem and demons trated the possibility of worsening in the health of people who came in contact with this water.
This study represents a significant contribution to determination of water quality in aquatic ecosystems, especially the urban and shallow ones, used for purposes others than the public water supply, taking into account the effect of seasonality.
RESUMO
Este estudo investigou a qualidade da água em um reservatório eutrófico urbano no Nordeste do Brasil, considerando a influência da sazonalidade. Mensalmente, amostras foram coletadas na sub-superfície do reservatório. As seguintes variáveis abióticas foram analisadas: temperatura, pH, oxigênio dissolvido, cor aparente, turbidez, condutividade, flúor, nitrogênio total, cloretos, sólidos totais dissolvidos, dureza total, ferro, cobre, manganês, alumínio, clorofila-a e feofitina. 
